Progress in the treatment of human infertility is directed toward the development of effective culture conditions for the maturation of human oocytes in vitro (1) (2) (3) (4) . Despite impressive success in the application of in vitro oocyte maturation methods, there are still concerns regarding their application due to increasing reports highlighting the shortand long-term consequences to development after exposure of mammalian gametes and embryos to culture environments. Most of our knowledge in this area has been gained from studies applied to animal species, and it is still common to supplement oocyte maturation media with serum and gonadotropins. Although at least 80% of bovine oocytes cultured without hormones undergo spontaneous nuclear maturation, gonadotropins are often added to maturation media to induce cytoplasmic maturation and cumulus expansion and to improve embryonic development (5) . Follicle stimulating hormone (FSH) induces expansion of mouse cumulus-oocyte complexes (COCs) in vitro (6) and may improve bovine maturation, fertilization, and cleavage (5, 7) . Luteinizing hormone (LH) has beneficial effects on bovine oocyte maturation (8) . For gonadotropins to act on the COC in vitro, both FSH and LH receptor (FSHr and LHr) mRNAs and proteins must be expressed. FSHr mRNA has been detected in the bovine COC (9, 10) . Recently, LHr mRNA was detected by the application of reverse transcriptionpolymerase chain reaction (RT-PCR) methods to measure mRNA transcript levels in bovine COCs during in vitro maturation (10) .
Other potential marker genes have important roles during in vitro oocyte growth or maturation. The connexin gene family encodes proteins that form gap junctions important for cell-to-cell communication and coordinate responses (11) . Connexin 43 (Cx43) mRNA and protein is present in the bovine COC during in vitro maturation (IVM) (10, 12, 13) . Gap junctions may have an important role during bovine oocyte IVM as the blocking of gap junction signaling or the reduction of Cx43 protein resulted in impaired oocyte maturation (14) .
Cyclooxygenase-2 (COX-2) is an important enzyme controlling prostaglandin synthesis (15) . Prostaglandin E 2 (PGE 2 ) stimulates cumulus cell expansion in rodents and cattle (16, 17) . In addition, murine lines that carry functional deletions for COX-2 and the prostaglandin receptor 2 (EP2) display defects in ovulation and fertilization (18, 19) . The mRNAs of COX-2 and two PGE 2 receptors, EP2 and EP3, are expressed in bovine COCs in vitro (17) , which suggests that they may have an important role in oocyte maturation.
Despite improvements in oocyte culture, at best only 30%-35% of immature mammalian COCs eventually develop to the blastocyst stage in vitro after oocyte maturation, insemination, and embryo culture (20) . Whether the oocyte has been matured in vivo or in vitro has a significant influence on the number of embryos that develop to the blastocyst stage (21, 22) . This suggests that there are still improvements to be made in enhancing oocyte competence during IVM. Although culture medium composition is documented to affect embryo mRNA abundance (13) , there is only limited information regarding changes in mRNA abundance in the COC during IVM (23) (24) (25) (26) (27) (28) (29) , especially under varying hormone and serum regimes. If oocyte IVM is to be optimized for humans or any other mammalian species, it will be necessary to define the influences of medium constituents on oocyte mRNA patterns. This study begins that process by focusing on defining the role of serum and gonadotropin treatment on the expression of gonadotropin and prostaglandin receptor transcripts during bovine oocyte IVM.
MATERIALS AND METHODS Ovary Collection and Isolation of COCs
Bovine COCs were isolated by follicular aspiration using an 18-gauge needle connected to a vacuum system from slaughterhouse ovaries provided by the Department of Biomedical Sciences, University of Guelph (Guelph, ON, Canada). Serum-free TCM-199 (Gibco BRL, Burlington, ON, Canada) buffered with HEPES and bicarbonate and containing 50 IU/mL heparin (Leo Pharma, Ajax, ON, Canada) was used for washing COCs. Pools of 50 -60 COCs were matured in vitro in 0.5 mL TCM-199 containing bicarbonate and pyruvate in 4-well plates (NUNC, Roskilde, Denmark) at 38.5°C in a 5% CO 2 in air atmosphere.
Detection of Marker Gene mRNAs in COCs and Denuded Oocytes
In the first experiment, the presence of transcripts encoding FSHr, LHr, Cx43, COX-2, and EP2 and EP3 mRNAs was determined in intact COCs and denuded oocytes. Cumulusoocyte complexes (n ϭ 50) were harvested at 0, 6, or 24 hours of culture in maturation medium. Oocytes were obtained after 0, 6, and 24 hours of IVM by vortexing COCs for several minutes to remove the majority of the cumulus investment. Oocytes were then washed twice and placed into warmed 1% pronase (Proteinase E, Sigma-Aldrich, Oakville, Ontario, Canada) solution in TCM-199 to dissolve the zona pellucida. Zona-free oocytes were then washed two to three more times with a change in pipettes. Samples were then frozen in liquid nitrogen before storage at Ϫ70°C.
Effect of Maturation Media Composition on Marker Gene Transcript Levels
Patterns of COC marker gene transcript levels were examined after culture in hormone-and/or serum-supplemented TCM-199 medium containing bicarbonate and pyruvate. The groups tested were [1] no hormone (no H); [2] 100 ng/mL (porcine) pFSH (100); [3] 100 ng/mL pFSH plus 10% serum (newborn calf serum, Gibco BRL) (100s); [4] 1,000 ng/mL pFSH (1,000); or [5] the positive control containing 1,000 ng/mL pFSH, LH (5 g/mL porcine LH, Lutropin-V, Bioniche Animal Health, Belleville, Ontario, Canada), E 2 -17␤ (1 g/mL E 2 -17␤, Sigma-Aldrich, Oakville, ON, Canada), and 10% serum (FSH lit Estradiol Serum [FLES] ). Aliquots of COCs (n ϭ 50) were collected after 6 or 24 hours of IVM. The COCs were placed into 0.5-mL microcentrifuge tubes, and excess medium was removed after brief centrifugation. Samples were then frozen in liquid nitrogen before storage at Ϫ70°C. The experiment was replicated four times.
Isolation of RNA, RT, and PCRs
Total RNA from oocytes and COCs was extracted with 12-24 g E. coli rRNA (Roche Molecular Biochemicals, Laval, QC, Canada) as a carrier by using a standard phenol/ chloroform extraction method (30) . RNA samples were reverse transcribed with oligo-(dT) 12Ϫ18 primer (Gibco BRL) and Superscript (Gibco BRL) as described elsewhere (17, 31) . RNA from positive control bovine tissues (liver for ␤-actin, ovary for FSHr, corpus luteum for LHr and EP3, kidney for COX-2 and EP2, and brain for Cx43) was extracted using a standard laboratory phenol/chloroform technique (32), and 1-2.5 g RNA was reverse transcribed as above. Polymerase chain reactions (PCR) were performed with 10ϫ PE Gold buffer (Perkin-Elmer, Canada Ltd., Mississauga, ON, Canada) with 1.25-2 mM MgCl 2 , 1 M (2 M for actin, 0.1 M for Cx43) primers, 200 M dNTPs (Gibco-BRL), and 1 unit AmpliTaq Gold DNA Polymerase (Perkin-Elmer). All primer sequences were reported previously (9, 10, 17, 31) and were synthesized by Gibco BRL. The identity of FSHr, LHr, Cx43, EP2, EP3, and COX-2 PCR products was confirmed by dyedeoxysequencing (Robarts Research Institute, London, ON, Canada). The basic PCR amplification program consisted of a soak at 95°C for 10 minutes, followed by a cycle program of 95°C for 1 minute, gene specific annealing temperature for 30 seconds and 72°C for 1 minute, and a final extension at 72°C for 10 minutes. In each sample, ␤-actin expression was examined as a positive control to ensure that RNA extraction was efficient, and because these primers are intron spanning, they were used to detect possible genomic contamination (243-bp vs. 408-bp product). No genomic contamination was detected. PCR reactions were conducted in a Perkin-Elmer GeneAmp 2400 thermocycler (PE Applied Biosystems, Mississauga, ON, Canada) for 45 cycles to compensate for lower RNA abundance in oocytes compared with COC samples. Twenty microliters of product was resolved on a 2% agarose gel containing ethidium bromide and a GeneRuler 100 bp DNA ladder (MBI Fermentas, Flamborough, ON, Canada). Photographs were taken with a UV camera system (Amersham Pharmacia Biotech, Baie d'Urfé, QC, Canada).
In the second experiment, marker gene expression was subjected to semiquantitative RT-PCR analysis. RNA samples were reverse transcribed as described above with 0.1 pg rabbit globin mRNA (Gibco BRL) added per COC equivalent just before RT (17, 31) . Two microliters of cDNA (two COC equivalents) was added to each 50 L PCR reaction. For amplification, 37 cycles were used for FSHr, LHr, and EP2; 38 cycles for COX-2 and EP3; 39 cycles for Cx43; and 30 cycles for the ␣-globin standard. Twenty microliters of product was resolved on a 2% agarose gel containing ethidium bromide and a 100-bp DNA ladder (MBI Fermentas). Image analysis and quantification was conducted with the ImageMaster VDS program (Amersham Pharmacia Biotech). Bands were quantified by comparing the ratio of band intensity to the ␣-globin standard (17, 31) .
Statistical Analyses
Multiple analyses of variance were performed using the Practical Statistics program (Canadian Academic Technology, West Flamborough, ON, Canada), with main effects of maturation time (6 hours or 24 hours) and type of media. Where significant main effects or interactions existed, Duncan's mean separation procedures were performed to detect differences.
RESULTS

Detection of Marker Gene mRNAs in COCs and Denuded Oocytes
Transcripts encoding LHr, FSHr, and EP3 mRNAs were detected only in intact COCs and not in denuded oocytes (Fig. 1) . COX-2, EP2, and Cx43 mRNAs were observed in both intact COCs and denuded oocytes.
Cumulus Expansion and Expression of Marker Genes at 6 and 24 Hours of IVM in Media With Different Additives
Full cumulus expansion occurs after incubation of COCs in maturation medium containing 1,000 ng/mL pFSH in serumfree medium and in the positive control containing pFSH, pLH, E 2 , and 10% serum (10) . Little expansion occurs after maturation in medium containing no hormones or only 100 ng/mL FSH. A moderate amount of expansion occurs when COCs are incubated in TCM-199 containing 100 ng/mL pFSH and 10% serum (10) .
The FSHr primers amplify a full-length and an exon 9 -deleted FSHr isoform (9, 10). There was a significant interaction between media and time on the relative abundance of the full-length FSHr mRNA (PϽ.04; Fig. 2A ). Full-length FSHr mRNA was lower in FLES at 24 hours than in all other groups except 100s at 24 hours (all PϽ.05) and was lower in 100s at 24 hours than in 100 at 6 hours (PϽ.01) and 100 at 24 hours (PϽ.05). There was a significant interaction between media and time on the relative abundance of transcripts encoding the exon 9 -deleted FSHr isoform (PϽ.01; Fig. 2B ). Serum-containing groups, FLES and 100s, had lower FSHr mRNA levels at both 6 and 24 hours than serum-free groups (all PϽ.05). The abundance of the exon 9 -deleted FSHr isoform mRNA was lower at the 6-hour time point in no H, 100, and 1,000 than at their corresponding 24-hour time points (all PϽ.05).
Abundance of LHr mRNA was lower in COCs cultured for 6 hours than for 24 hours (PϽ.005; Fig. 2C ). There was no significant effect of media or interaction. The effect of medium composition on the COX-2 mRNA relative abundance was highly significant (PϽ.00001; Fig. 3A ). COX-2 mRNA was higher in no H, 100, and 1,000 (all PϽ.01) than in both groups containing serum, 100s and FLES. COX-2 transcript levels were also higher in no H and 100 than in 1,000 (both PϽ.05). There was no difference in relative abundance of COX-2 mRNA between 6 and 24 hours of maturation (PϾ.64) and no significant interaction.
The relative abundance of EP2 mRNA was affected by maturation medium (PϽ.003; Fig. 3B ). EP2 mRNA was higher in the no H (PϽ.05), 100 (PϽ.05), and 1,000 groups (PϽ.01) than in both the FLES and 100s groups. There was no difference in the relative abundance of EP2 mRNA between the 6-hour and 24-hour maturation times (PϾ.13) and no interaction.
EP3 mRNA relative abundance was affected by maturation medium composition (PϽ.006; Fig. 3C ). Expression was higher in the no H (PϽ.01), 100 (PϽ.05), and 1,000 groups (PϽ.05) than in the FLES group. The relative abundance of EP3 transcripts was not different in the 100s group compared with other groups. Across media, the relative abundance of EP3 mRNA was higher at 24 hours than at 6 hours (PϽ.005), but there was no interaction between media and time.
The relative abundance of Cx43 mRNAs was affected by maturation medium (PϽ.001; Fig. 3D ). Cx43 mRNA was lower in the 100s than in the 100 and 1,000 (both PϽ.01) and no H groups (PϽ.05), while the FLES group was lower than the 1,000 group (PϽ.05). There was a tendency for Cx43 mRNA abundance to increase from 6 to 24 hours (PϾ.06), but no significant interaction was observed.
DISCUSSION
In the current studies, isoforms of FSHr mRNA were expressed only in intact bovine COCs and not in denuded oocytes, which agrees with an earlier study (9) . These data lend further support to the fact that in mice FSH stimulates meiosis only when cumulus is directly attached to mouse oocytes (33) . However, the presence of FSHr mRNA and the protein and calcium response to FSH has been reported in human oocytes (34) . The full-length FSHr isoform remained highly expressed at 24 hours of maturation in COCs when they were cultured in serum-free media (no H and 100), even when the cumulus was fully expanded, as occurs in the 1,000 FSH treatment. This suggests that FSH did not downregulate expression of its receptor mRNA in the expanded COCs. These data correlate with the lack of reduction in FSHr mRNA in granulosa cells cultured with FSH or pregnant mare's serum gonadotropin (PMSG) (35, 36) . The abundance of full-length FSHr isoform mRNA was lowest at 24 hours in maturation medium containing gonadotropins, E 2 , and serum (FLES) and tended to be lower in 100s than serum-free media. Although the role of the truncated isoform is unclear, its abundance was also lower in serum-containing media at both 6 and 24 hours than in serum-free media. As radiolabeled FSH binding declined in rat COCs cultured in media containing serum but without hormones (37), it seems likely that serum exposure causes a down-regulation in FSHr mRNA expression.
Luteinizing hormone receptor mRNA was detectable only in COCs and not in denuded oocytes. These data agree with earlier studies documenting a lack of expression of LHr mRNA in bovine oocytes (9, 24) and a lack of LHr mRNA, protein, and response to hCG in human oocytes (34) . The abundance of LHr mRNA was affected only by maturation
FIGURE 1
Detection of marker gene mRNAs in cumulus-oocyte-complexes (COCs) and denuded oocytes, representative reverse transcriptase-polymerase chain reaction figures. The lanes are COC; ooc (denuded oocyte); Ϫ (negative control lane); ϩ (positive tissue control); and MW (100-bp marker lane).
Calder. Oocyte maturation in vitro. Fertil Steril 2005.
time and not by medium composition. In the current experiment, LHr mRNA abundance was higher at 24 hours of maturation than at 6 hours. It has been reported that mouse germinal vesicle oocytes suppress expression of LHr mRNA in both cumulus and granulosa but that mature oocytes are less effective in suppressing granulosa LHr mRNA (38) . Although culture medium composition does not affect the levels of LHr mRNA in bovine COCs, the increase of LHr mRNA in cumulus cells during culture may be associated with the progression of oocyte maturation. COX-2 mRNA was detected in both denuded oocytes and in intact bovine COCs. COX-2 mRNA has been detected previously in mouse cumulus cells (19, 39) . The absence of COX-2 mRNA expression in oocytes as well as in cumulus cells could contribute to the defects in cumulus cell expansion, ovulation, and fertilization observed in the COX-2 mouse null mutant (18) . There was no effect of time on the abundance of COX-2 mRNA in bovine COCs.
Continued high abundance of COX-2 mRNAs in bovine COCs cultured in serum-free media at 24 hours is consistent with high COX-2 mRNA and protein expression in bovine granulosa cells (40, 41) and in mouse cumulus cells in the late preovulatory period (19, 39) . The effect of media on COX-2 mRNA relative abundance was highly significant.
FIGURE 2
Relative abundance of high-follicle stimulating hormone receptor (FSHr) isoform mRNA, low-FSHr isoform (exon 9) mRNA, and luteinizing hormone receptor (LHr) mRNA in bovine cumulus-oocyte-complexes (COCs) cultured in one of five oocyte maturation media treatments. Pink bars show the relative abundance in medium with no added hormones (no H) at 6 and 24 hours. Yellow bars show the relative abundance in 100 ng/mL pFSH (100) at 6 and 24 hours. Green bars show the relative abundance in 100 ng/mL pFSH and serum (100s) at 6 and 24 hours. Blue bars show the relative abundance in 1,000 ng/mL pFSH (1,000) at 6 and 24 hours. Orange bars show the relative abundance in medium containing standard concentrations of pFSH, pLH, E 2 , and serum (FLES) at 6 and 24 hours. Values are mean Ϯ SE (n ϭ 4 replicates). (A) For levels of full-length FSHr transcripts, the interaction of medium composition and time was significant: PϽ.04. The superscript "abc" shows bars with no superscripts in common that are different at PϽ.05. (B) For levels of exon 9 -deleted FSHr transcripts, the interaction of medium composition and time was significant: PϽ.01.
The superscript "abcd" shows bars with no superscripts in common that are different at PϽ.05. (C) For levels of LHr, the superscript "xy" denotes overall differences between 6 and 24 hours at PϽ.05. The serum-free treatment displayed a higher relative abundance of COX-2 mRNA than the serum-containing media treatments. Although serum induces expression of COX-2 in a number of cell systems (15), low COX-2 mRNA expression in COCs cultured with media containing serum is consistent with decreased expression of COX-2 mRNA in human granulosa cells cultured in serum-containing medium (42) . In bovine preovulatory follicles, COX-2 mRNA and protein are not expressed until several hours after the gonadotropin surge (41), yet bovine COCs are usually recovered from smaller follicles. Elsewhere, we have shown that COX-2 mRNA was expressed at low levels in freshly collected bovine COCs and increased by 6 hours of maturation (17) . In the current experiments, COX-2 mRNA was likely induced in all treatments by removal of the COCs from the follicle and initiation of in vitro oocyte maturation.
By contrast, mouse COCs are obtained from PMSGstimulated preovulatory follicles, which may have higher basal COX-2 mRNA expression. In mouse COCs, expression of COX-2 mRNA is stimulated by FSH but not by LH or hormone-free medium (39) . Cumulus cell expansion due to COX-2-PGE 2 -EP2 and FSH pathways may be at least partially independent as cumulus cell expansion still occurs in mouse EP2-knockout COCs in response to FSH but not to PGE 2 (19) . Moreover, PGE 2 -stimulated bovine cumulus expansion requires the presence of serum in the medium (17), whereas FSH-stimulated cumulus expansion does not require serum (10) . Perhaps the relative abundance of COX-2 mRNA is highest in bovine COCs cultured without hormones or with low FSH because these COCs are unable to fully initiate cumulus cell expansion in serum-free medium without sufficient FSH stimulation.
FIGURE 3
Relative abundance of COX-2, EP2, EP3, and Cx43 mRNAs in bovine cumulus-oocyte-complexes (COCs) cultured in one of five oocyte maturation media treatments. Pink bars show the relative abundance in no H at 6 and 24 hours. Yellow bars show the relative abundance in 100 at 6 and 24 hours. Green bars show the relative abundance in 100s at 6 and 24 hours. Blue bars show the relative abundance in 1,000 at 6 and 24 hours. Orange bars show the relative abundance in FLES at 6 and 24 hours. Values are mean Ϯ SE (n ϭ 4 replicates). (A) For COX-2 transcripts, the superscript "abc" denotes differences among media at PϽ.05. (B) For EP2 transcripts, the superscript "ab" denotes differences among media at PϽ.05. (C) For EP3 transcripts, "ab" denotes differences in media; at PϽ.05, and the superscript "xy" denotes overall differences between times at PϽ.05. (D) For Cx43 transcripts, the superscript "abc" denotes differences among media at PϽ.05. EP2 mRNA was detected in both denuded bovine oocytes and in COCs. EP2 mRNAs were previously detected in mouse cumulus cells (19) and bovine COCs (17) . The presence of EP2 mRNA expression in oocytes as well as cumulus cells could contribute to the defects in cumulus cell expansion, ovulation, and fertilization observed in the mouse EP2 null mutant (19) . Maturation medium composition had a striking effect on COC EP2 mRNA relative abundance. The presence of serum in the maturation media significantly suppressed expression of EP2 mRNA compared with the serum-free treatments. This was consistent with decreased expression of EP2 mRNA in human granulosa cells cultured in serum-containing medium compared with freshly isolated granulosa cells (43) .
EP3 mRNA was detected only in intact COCs and not in denuded oocytes. In the current experiments, across media, there was an increased abundance of EP3 mRNA at 24 hours compared with 6 hours. This agrees with the results of a previous experiment, where expression of EP3 mRNA in bovine COCs increased from 6 to 12 hours and then remained stable up to 24 hours (17) . Because EP3 mRNA is expressed in bovine corpora lutea and expression increased in granulosa cells during culture (40) , it is likely that the increasing EP3 mRNA abundance in bovine COCs is related to increasing luteinization of the cumulus cells. Maturation media also had a significant effect on the abundance of EP3 mRNA. The amount of EP3 mRNA was lowest in COCs cultured in media containing gonadotropins, E 2 , and serum; it was intermediate in 100s, while serum-free treatments had the highest EP3 abundance. Although EP3 mRNA expression increased during culture of granulosa cells in medium containing serum (40) , it would appear from the current study that culture increases while serum decreases the relative abundance of EP3 mRNA.
Cx43 mRNA was detected in both denuded bovine oocytes and in COCs. Cx43 mRNA and protein has previously been detected in bovine cumulus cells (12, 14) , but the protein was not detected in bovine oocytes in two studies (44, 45) , while Cx43 mRNA has been detected in bovine oocytes during IVM (13) . Recently, Cx43 mRNA and protein have been detected and localized to gap junctions in rat oocytes (46) . In the current experiments, Cx43 mRNA relative abundance was affected by maturation medium. The abundance of Cx43 mRNA was lower in the 100s treatment than all other media treatments except FLES, and FLES displayed lower Cx43 mRNA levels than the 1,000 FSH treatment. Serum has a suppressive effect on blastocyst Cx43 mRNA expression (13) , and this effect is now known to occur even during oocyte maturation. In rat COCs during maturation, a reduction in gap junctions was proportional to the amount of cumulus cell expansion (47) . However, in the current study, the abundance of Cx43 mRNA was greater, although cumulus cell expansion was more extensive in the 1,000 FSH treatment over that observed in the 100s group. This suggests that if Cx43 mRNA is reduced during maturation, it is affected more by serum rather than by cumulus cell expansion. The lack of effect of time on Cx43 mRNA abundance was not unanticipated because, although Cx43 gap junctions decrease between the bovine cumulus cell and oocyte by 6 hours of maturation, there are still numerous functional gap junctions in cumulus cells at 24 hours of maturation (12) . Despite unchanged abundance of Cx43 mRNA and protein in rat oocytes during maturation, the phosphorylation status of the Cx43 protein changed (46) , which may have affected gap junction function. Overall, these factors may limit the usefulness of Cx43 mRNA as a marker gene.
One of the principal findings of this study is that there were significant differences in transcript levels between serum-free and serum-containing oocyte maturation treatment groups. Certain serum components enter the follicle during the late preovulatory period and contribute to cumulus cell expansion (48) . Although serum is a component of many oocyte and embryo culture systems, it has been linked to alterations in blastocyst development and development of large offspring syndrome in cattle and sheep (21, 49) . The presence of serum in embryo culture media decreased expression of several embryo marker genes in some studies (13) and increased expression of others (49) . That EP2 and COX-2 mRNAs, which are normally highly expressed in cumulus cells at the late preovulatory stage in vivo (19) , were significantly affected when COCs were cultured in serum-supplemented medium, suggests that these mRNAs may be useful marker genes for assessing oocyte maturation.
Cumulus cell expansion is often considered as a sign of cytoplasmic maturation; however, in the current studies, expression of marker genes was similar in COCs cultured in serum-free media whether or not cumulus cell expansion was induced. Only for COX-2 mRNA was expression lower in COCs undergoing expansion (1,000 ng/mL FSH) compared with nonexpanding COCs (no H and 100 ng/mL FSH), which may suggest that moderate COX-2 mRNA expression is the most appropriate response to IVM. These findings are of importance and are relevant to the application of in vitro oocyte maturation methods in all species, including the human, as serum is a common additive of oocyte maturation media. The inclusion of serum in culture media, even as early as the oocyte maturation stage, may adversely impact embryo development by altering the abundance of key cumulus and oocyte mRNAs (29) . We would therefore suggest that progress in this area be directed toward the characterization of effective serum-free media for oocyte maturation in all mammalian species.
